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N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and I N F O R M A T I O N  S Y S T E M S  D I V I S I O N  

PROGRAM MANAGEMENT 

STATUS SUMMARY 

P r e s s  coverage was permitted at a fir ing of the launch escape motor;  
a successful fifth firing of the pitch control motor was accomplished. 

Three consecutive tes t s  of modified ringsail  chutes were  conducted. 
Unsatisfactory cluster  operation in the ringsail  parachute p rogram h a s  
caused a backup p rogram on solid parachute development to be initiated. 

The reacton control subsystem (RCS) nozzle i s  being modified f r o m  a 
Single coil solenoid valves will be incorporated in the 40:l to a 1 O : l  ratio. 

new design, 

The lack of Avco heat shield production facilities approval will delay 
delivery of the end item. 

All major  construction work on the impact t e s t  facility is complete. 

NASA s t ruc ture  inspection of boilerplate 6 was completed and final 
sub sys tems a r e  being installed. 

The serv ice  modules for boilerplates 13, 14, and 23 a r e  on schedule, 
as a r e  the adapters  boilerplates 13 and 14. 

The launch escape tower for boilerplate 9 was accepted by NASA. 
Interface and mating of boilerplate 9 command module, se rv ice  module, 
adapter ,  and launch escape tower wil l  begin during the next repor t  period. 

CONTRACTS 

Special  Tes t  Equipment 

A meeting is scheduled at S&ID on 25  and 2 6  February  to negotiate 
contract  coverage on those i tems of special  t e s t  equipment (STE) that have 
been forwarded to NASA for  review and justification of need and 
classification. 
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Documents Submitted to NASA 

A f i r m  cost proposal for the alternate heat shield system (para l le l  
development program) was prepared.  

A budgetary and planning est imate  for implementing the NASA solder- 
ing specification was prepared.  

A f i rm fixed pr ice  proposal to provide minimum security protection at 
WSMR from 1 5  February 1963 to 15 January 1964 was submitted to  NASA. 

A firm cost proposal f o r  company furnished equipment (CFE)  i tems  to 
be procured a t  AEDC, AMR, WSMR, and Downey was submitted. An est i -  
ma te  f o r  spares  to support the CFE was also included in the proposal.  

Contract Change Authority Actions 

During the past  report  period, contract  change board activit ies 
included review and approval of th ree  prel iminary contract  change proposals; 
review of seven contract  change proposals (CCP) initiated by contract  change 
authorization (CCA); and review of eight C C P ' s  for  which seven CCA's have 
been requested. 

Houston Meetings 

Conferences have been held continuously in a n  attempt to definitize 
Let ter  Contract NAS9- 150. 

Subcontract Status 

The negotiation bases  for seven of the major  subcontractors have been 
presented to NASA for review. 
subcontractor bases will be pr'esented, 
with three contractors,  and contracts a r e  being written. 
the balance of the negotiations a r e  as  follows: 

During the next r epor t  period, six m o r e  
Negotiations have been completed 

Targe t  da tes  for 

SUBCONTRACTOR 

Aerojet  
AiRe search 
Collins 
Lockheed 
Marquardt 
Mi nne a p oli s - H o ne yw e 11 
Nor thr  op- V entu r a 
P r a t t  & Whitney 
Beech 
Douglas 

TARGETDATE 

March  1963 
Februa ry  1963 
March  1963 
Februa ry  1963 
March  1963 
Februa ry  1963 
March  1963 
March  1963 
F e b r u a r y  1963 
March  1963 
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NEW PROCUREMENTS 

During this  repor t  period, orders  were  placed with the Bell Aerospace 
Company for the positive expulsion tanks,  with the Elgin National Watch 
Company for the cent ra l  timing system, and with the Airborne Instrument 
Laborator ies  
made subject 
together with 

~. 

for  the recovery antenna. 
to NASA approval. Following is  a list of i tems to  be ordered,  
their  anticipated order dates: 

Award of the contracts is being 

ITEMS I TARGETDATE 

Main propellant tanks 
Mission Simulator 
Radome 
2 KMC antenna 
Beacon antenna 
In-flight t e s t  system 
Propellant quantity indicating 

Propellant gauging system 
system 

February  1963 
March 1963 
February  1963 
February  1963 
February  1963 
March 1963 
February  1963 

March 1963 
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DEVELOPMENT 

TECHNOLOGY 

Flight Performance and Control 

The character is t ic  velocities available for  successful  abort  f r o m  the 
t ranslunar  coast  phase have been investigated. Design t a rge t  weights plus 
propellant loadings that would provide a 10 percent  A V  margin  were  
assumed for the spacecraft .  

The study determined that the lunar excursion module propulsive 
s tages  alone can impar t  a A V  of 2530 fps to such a spacecraft .  
velocity increment is sufficient for a successful abort  in the t ranslunar  
coas t  phase if  abort  i s  initiated beyond 600 to 800 nautical mi les  f rom the 
ear th .  

This 

By using the lunar  excursion module propulsive s tages ,  jettisoning 
them, and then using the serv ice  module propulsive stage,  a maximum A V  
of 13,487 fps can be achieved. 

Using revised MSFC Sakurn 1 weight and performance data, it is 
possible to  inject the Apollo spacecraft into ear th  orbit  without using the 
se rv ice  module for orbi t  injection, 
module weight, a circular  orbi t  altitude of 124 nautical mi les  can be achieved 
using a 72-degree launch azimuth. 
weights typical of the first manned orbital  flight, a circular  orbi t  altitude of 
about 160 nautical mi l e s  can be achieved. 
per formance  margin exis ts  to attain c i rcular  orbit ,  at a lower altitude, i f  
one engine is inoperative in  either boost stage during par t  of the boost 
t ra jec tory .  

F o r  lunar mission command and serv ice  

F o r  reduced command-service module 

An adequate Saturn 1 booster 

The use  of aerodynamic s t rakes  has  eliminated the command module 

The f i r s t  method consists of jett ison of the launch escape sub- 
hyper sonic apex-forward t r i m  point. 
evaluated. 
sys tem (LES) ballast  approximately 15  seconds after abort ,  followed by 
je t t ison of the tower and motors .  
m o t o r s  with the tower s t ruc ture  remaining attached to  the command module. 
Neither approach eliminates the hyper sonic apex-forward character is t ic .  

Two al ternate  methods have a l so  been 

The second method i s  jett ison of the LES 

a - 5 -  - 
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The over-all effectiveness of the flow separa tor  in improving LES 
stability and performance was reevaluated since the command module center  
of gravity was moved forward. Dynamic stability studies, conducted with 
cur ren t  weight and aerodynamic data, revealed that the LES without a flow 
separator  would require  very  l i t t le ballast. Because of this finding, S&ID 
has  recommended deletion of the flow separator  f rom the LES. 

An evaluation of the LES has  shown that sat isfactory separation 
between Little Joe I1 and the spacecraf t  will not occur if thrust  termination 
i s  not provided upon initiation of the abort .  

To establish fuel consumption c r i te r ia ,  a model s teer ing method for  
t r ans fe r  of the command module f r o m  i ts  parking orbi t  to the lunar excursion 
module parking orbit f o r  emergency rendezvous was simulated with the 
IBM 7090 computer. 

Analysis of the computer program revealed that the model yielded 
miss -d is tances  of approximately 100 feet and that spacecraf t  fuel con- 
sumption varied widely. 

The spacecraft in initiating this maneuver in the coplanar case  would 
requi re  600 pounds of fuel; in the non-coplanar case ,  it would consume 
2200 pounds. In terminating the maneuver,  the spacecraf t  would consume 
equivalent quantities of fuel  to eliminate the AV. 

The model studied is an extreme design and not necessar i ly  one that 
will be used in a r e a l  mission. 

A possible mechanization of radar  information for  rendezvous oper - 
ations has  been established. 
a 1 percent accuracy is  sufficient for the te rmina l  phase but only marginally 
sufficient for midcour s e  correct ions,  depending on the noise- spectrum width. 

Pre l iminary  r e su l t s  show that range data with 

Thermodynamics and Fluid Dynamics 

A plate to simulate se rv ice  module a f t  bulkhead heating was designed. 
The plate was tested during the AEDC subscale serv ice  propulsion subsystem 
(SPS) engine tests,  
heating effects  on the bulkhead f rom the columbium-titanium nozzle skirt .  
These data a r e  to be correlated with the ful l -scale  engine bulkhead heating 
c a1 cula t ion s . 

Data from the t e s t s  are  being evaluated to determine 

A pre tes t  conference with NASA resul ted in the following clar i f icat ions 
of t e st requirement s . 

- 6 -  m T I A L  
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S&ID and NASA conferred to c lar i fy  jet  plume t e s t  requirements .  The 
conference resulted in  S&ID request for  additional cryoplates in  the t e s t  
cell  to meet  the required altitude capability, consideration of a change of 
t e s t  scope and of rescheduling the t e s t  period of Phase 111, and NASA 
request  for an  additional molybdenum chamber for Phase  I1 testing. 

Cr i te r ia  for predicting the spacecraft/S-IV booster separation distance 
required for firing the SPS engine during abor t  were  determined. Safe f i r ing 
will resu l t  when the j e t  interaction shock i s  positioned external  to  the nozzle. 

Studies of both se r i e s  and parallel  connected SPS tank configurations 
show that use  of the para l le l  system does not provide sufficient advantages 
to change from the present  s e r i e s  arrangement  at this  time. 

Ent ry  heating r a t e s  for 32 additional command module body locations 
were  prepared  for five entry t ra jector ies .  
launch and entry were  determined for the following: 

Heating r a t e s  and loads during 

1. Lunar excursion module adapter 

2.  Radiation deflector below the service module react ion 
control subsystem (RCS) nozzles 

3. Service module fo r  five entry t ra jec tor ies  

4. Service module RCS,package during boilerplates 13, 15, 16, 
and 18 boost 

5. Shear s t r e s s e s  on the aft heat  shield for two cases  of entry 
f rom ear th  orbit. 

Agreement on convective heating r a t e  prediction has  been established 
between the NASA, Ames,  Langley, and S&ID methods of determining com- 
mand module entry heating ra tes .  

Heat t ransfer  analysis  of outer surface and s t ruc ture  tempera tures  
shows that with the lunar excursion module in the docked position, a smal l  
deviation f rom a specified orientation his tory will ei ther violate communi- 
cations requirements  o r  resu l t  in s t ructure  tempera tures  lower than -100 F, 

The mater ia l s  evaluation portion of the al ternate  heat  shield t e s t  pro-  
g r a m  was  completed. 
s ta t i s t ica l  r eg res s ion  of the data. 
conduction program to determine heat- soak resu l t s  and proper  insulation 
sizing. 

Rocketdyne completed a computer program for 
This  program was combined with a n  S&ID 

8 The resu l t s  of the thermal  screening effort were  presented to MSC. 

- 7 -  
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A problem exists during the separation of the launch escape vehicle 

the Saturn 1 booster a t  Mach number 1.0.  
f rom a thrusting Little Joe I1 booster a t  high dynamic p r e s s u r e s  and 

Es t imates  of on-board coolant requirements  for  boilerplate 2 2  indicate 
that two coldplate coolant systems may be necessary  to  maintain a n  80 to 
110 F coldplate temperature range for stabilization and control system equip- 
ment and to provide a maximum coolant temperature  of 56 F out of the heat 
exchanger. 

Analysis of preliminary data for a nominal 14-day mission revea ls  that 
delivery gas  temperatures  of the cryogenic oxygen range f rom 178 R to317 R 
a t  the end of t ransear th  coast. 
required,  a preheater probably will be required for all mission phases. 

Because a 350 R delivery tempera ture  i s  

A radiation shielding verification program was presented to NASA for  
review. 
techniques and associated radiation monitor display systems.  
radio frequency noise emission has  been found to precede f la re  activity by 
15 to 30 minutes. 
well before it is  experienced at the spacecraft .  

NASA has recommended that S&ID study solar proton warning 
Type IV  solar 

Therefore ,  the size of a n  event probably can be determined 

Life Systems (Crew Provis ions)  

Comparisons of 6-volt and 28-volt floodlighting sys tems have been 
completed. 
consumes 7000 watts l e s s  power than the 28-volt system. 

The resul ts  show that for a 340-hour mission the 6-volt system 

The S Y - 1  Simulation (Phase  I1 - Orbital Attitude Control) was com- 
pleted. 
and control subsystem (SCS) during a n  emergency manual mode, with a n  
acceptable economy of fuel. 

Resul ts  indicate that the crew can manually operate  the stabilization 

A low-pressure chamber for a spacesuit  a r m  simulator was completed 
and successfully p re s su re  tes ted to a 3. 5 p s i  differential. 

A preliminary evaluation of a window cover crank mock-up was com- 
This  pleted using a Mercury-type glove mounted on a Mark IV suit sleeve.  

simulator will be used for further mock-up evaluations of controls and 
demonstrations of Apollo p r e s s u r e  suit flexibility. 

Tes t s  have been conducted to evaluate c rew spat ia l  mobility and visual 
requirements  for  G S E  car ry-on  equipment, As a resu l t ,  p re l iminary  
recommendations have been made for the a r rangement  and placement of this 
equipment . 

-L - 8 -  ~ .. 
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Crew performance requirements for a ten-day simulated ear th  orbital  
mission were  developed. The pr imary  purpose of this  simulation i s  the 
checkout of biomedical apparatus  and food, but some human performance 
data, such as reaction t imes  and count of omission e r r o r s ,  a r e  possible 
f rom the simulation. 

Simulation and T r a i n e r s  

Design of a simulated fuel accounting system is nearing completion. 
The system furnishes an  accounting of fuel used during a mission by main-  
taining a constant record  of the total fuel used by each engine. 

The inter ior  of the command module of evaluator 1. i s  being modified 
to the la tes t  configuration for the rendezvous study. 
play panel and new wiring a r e  being installed. 

A new control and d is -  

A problem description of the all-digital entry system i s  nearing 
completion. This description was developed to evaluate digital simulation 
techniques, with specific application to  the IBM 7090 digital computer and 
equipment t ie-in problems. 

Satisfactory p rogres s  was made in a program to develop mechani- 
zations for computer simulation of portions of the missions.  
flight phase simulations will l a s t  10 to 20 minutes. The mechanizations 
include S&ID-designed and developed digital logic boards to simulate the 
SCS. 
out. 

These space a 
A l l  submechanizations except the guidance equations have been checked 

An investigation of the effects of hlowdown transients  on the service 
module propulsion system was completed. 
in  the fuel/oxidizer ratio.  
mus t  be cor rec ted  by either manual or  automatic propellant utilization. 

One effect was a m a s s  unbalance 
Analysis of the resu l t s  shows that this  unbalance 

NASA approvals were  received for the Apollo par t - task t ra iner  
development r epor t  and the budgetary and planning estimate for this t r a ine r .  

S t ruc tura l  Dynamics 

Landing Impact and Stability 

Three  drop t e s t s  with a horizontal velocity component were  made with 
boilerplate 1, 
degrees .  Analyses and t e s t s  to  date indicate that moderate  pitch angles of 
0 to *15 degrees  produce high - loads on the command module s t ruc ture  and 
the couch support system under many nominal landing conditions. 
ex t r eme  pitch angle of -30 degrees produced a violent landing, with seve re  

the most  significant of which involved a pitch angle of -30 

The 

- 9 -  
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tumbling of the vehicle. 
the basic  structure and the couch system. 

Loads, however, were  comparatively low on both 

The digital computer analysis  program i s  being revised to account for 
Additional degrees  of freedom a r e  la rge  rotations during the landing phase. 

being added to handle translations in  the la te ra l  (yaw) direction. 
a r e  planned in  support of the boilerplate drop t e s t s  that will be directed 
towards fur ther  study of the -30-degree pitch condition. 

Analyses 

Flotation Stability 

The second 1 / 1 0  scale flotation model has  been fabricated. Prel imi-  
nary  s ta t ic  t e s t s  of this model revealed close agreement  with analysis  on the 
flotation heel  angles for both stable positions of the flooded vehicle. 

Model C a1 cula tion s 

Initial calculations were  made on the natural  modes and frequencies of 
the lunar excursion module-spacecraft  combination to support a n  analysis  of 
the vehicle control system. 

Structural  Vibration and Acoustics 

Acoustic tests on command module s t ruc tura l  panels revealed that 
t ransmiss ion  loss through the panels is  ve ry  close to the calculated value but 
that  the vibration response is generally higher than anticipated. 
t e s t s  a r e  planned on various types of panels, using both reverberant  chamber 
facil i t ies and traveling wave excitation. 

Further '  

Noise Rating Program 

A study was initiated to calculate the noise generated by sys tems such 
as  fans,  fluid flow in ducts, and motors .  Because of established noise-limit  
levels,  the contribution of each individual item will be considered in  de te r -  
mining the over-all  noise level in  the command module. 

Dynamic Measurements 

Discussions were  held with NASA representat ives  to  determine final 

The re  a r e  still some unresolved a r e a s  requiring direction f rom NASA. 
requirements  for vibration and acoustic measurements  on boilerplates 1 3  and 
15. 
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SPACECRAFT AND TEST VEHICLES 

St ruc tures  

Redesign of parachute fittings and gusset supports accomplished the 
A twofold objective of saving weight and easing manufacture of the i tems.  

22.8-pound weight saving is shown in new drawings re leased  for 
manufacturing. 

A s  directed by NASA, the deep space instrumentation facility antenna 
was relocated so that it i s  in  l ine with the as t ronaut ' s  field of vision. 

T e s t s  to determine the effects of radiation exposure on charr ing ablator  
specimens revealed that Thermolag T -  500 has  significantly higher res idua l  
radiation charac te r i s t ics  than two other candidate mater ia l s .  

Northrop-Ventura performed parachute subsystem drop 2 4  on 8 
F e b r u a r y  to determine the effects a one- second disreefing differential 
would have on two parachutes.  

Design studies of the current impact  attenuation system revea l  that  the 
c rew emergency l imits  will be exceeded under ideal (controlled) spacecraf t  
conditions in  5 percent  of all ground landings. In March, a boilerplate t e s t  
p rogram will be conducted a t  the impact facility to determine whether 
decelerat ion g levels  can be lessened by increasing the command module 
impact  attitude angle. 

S&ID and MIT reached agreement on all mechanical interfaces  for the 
navigation and guidance equipment. 

Guidance and Control 

Prepara t ion  was begun on interface coordination documents to govern 
the stabilization and control subsystem/ service propulsion subsystem inter - 
faces .  Three  documents will govern the following interfaces: thrust  vector 
control signals, thrust  vector control position indication signals, and s e r v -  
ice  propulsion subsy.stem engine on-off signals. Pre l iminary  interface 
coordination documents were  prepared for use  during a n  upcoming meeting 
between S&ID, Minneapolis-Honeywell, and Aerojet-General for discussion 
of interface problems. To date, 57 interface coordination documents have 
been identified between S&ID and MIT; 
being detailed, and approximately 20 a r e  nearing completion. 

of these,  31 a r e  in the process  of 

-AA dcsigr: b a s e  ~ v T v ~ ~ ~  established a t  a. "design-free7.e" meeting on the 
stabilization and control subsystem displays and controls. 

b d - 11 - mMm!mRc 
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Telecommunication and In s t rum entation 

4 

Telecommunications 

Because of th ree  traveling wave tube failures,  an  al ternate  supplier i s  
being sought. Other types of power amplif iers  a r e  a l so  being investigated. 

The up-data link study is expected to be completed on schedule. This  
i s  a NASA-requested trade-off study to determine the spacecraft  up-data 
link interfaces  for the following: 

1. On-board display of data with manual inser t ion of the data into 
the spacecraft sys tems 

2. Direct input of the data into the guidance computer 

3. Direct input of the data to the SCS.  

S&ID anticipates that spacecraft  needs and equipment delivery dates  
will be incompatible because of the t ime needed for  NASA evaluation and for 
the establishment of equipment requirements.  

Increase of the pulse code modulation te lemetry r a t e  f rom 32,000 to 
51, 200 bits p e r  second i s  being investigated to satisfy the prelaunch auto- 
mat ic  checkout equipment inter leaver synchronization problem without 
reducing the measurement  channel capability of the pulse code modulation 
te lemetry.  
the spacecraf t  009 qualification measurements  by a temporary  increase  in 
components instead of the heavier alternative of adding PAM-FM/FM 
te lemet ry  equipment. 

This increase  in bit r a t e  would a l so  enable the accommodation of 

Instrumentation 

The R & D instrumentation installation design for  boilerplate 6 i s  90 
percent  complete and incorporates  changes and relocations made necessary 
by the addition of aerodynamic s t rakes  to the command module. 

All flight instrumentation for boilerplate 6, except the tape r eco rde r ,  

The qualified 
has  been qualified. 
found to be defective and was re turned  to NASA fo r  r epa i r s .  
instrumentation i s  being readied for installation into boilerplate 6. 

The tape r eco rde r ,  which i s  NASA-furnished, was 

P r e s s u r e  t ransducers  for boilerplate 12 a r e  being calibrated.  Instal- 
lat ion design for this boilerplate i s  97  percent  complete,  and for boilerplate 
13, 85 percent  complete. 

-AL - 1 2  - 
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Development of operational instrumentation sys tems continues to be 
hampered by lack of f i rm definition of ' a  measurement  requirements  list. 
Continued efforts a r e  producing achievements in  selection of, specification 
for ,  and installation of operational instrumentation for which sensor require-  
ments  a r e  known. 

Environmental  Control Subsystem (ECS) 

At the request  of S&ID, AiResearch has  submitted a new cost proposal 
for the ECS. 
of the ECS and associated GSE, as required by the updated statement of 
work for the subcontractor. It does not, however, p resent  cos ts  of ECS 
reliabil i ty testing (which includes qualification tes t s ) ,  because the basic  
ground ru les  and detailed requirements  for the qualification t e s t  p rogram 
a r e  yet to be resolved. 

This proposal reflects the cost  of manufacture and development 

S&ID has  directed AiResearch to repackage the ECS to improve center-  
of-gravity for the capsule. 
redesigned to  withstand a n  increase in shock load requirements  brought about 
by deletion of the impact attenuation system. This  repackaging will increase  
the ECS weight by approximately 14 pounds. The new package weight will be  
within the 221-pound l imit  for the system. 

Several ECS components and packages a r e  being 

The ECS hardlines,  a s  well a s  the electr ical  wiring and coaxial cables,  
0 

that  originally passed between the two modules through the heat shield were  
re routed  along the outside of the spacecraft. This rerouting was  necessary  
because of the la rge  opening left in the heat shield a f te r  the modules separate  
during entry. Because of this redesign, S&ID assumed responsibil i ty for  the 
water  -glycol, oxygen, and water quick disconnects and removed these i t ems  
for  the subcontractor 's  ECS tasks. 

E lec t r i ca l  Power 

Spacecraft  bat tery design studies resul ted in a s impler ,  l ighter,  and 
sma l l e r  battery. 
ba t te ry  system. 
spacesui t  backpack bat tery by using the spacecraft  charger .  

Effort  has  been initiated to provide a separate  pyrotechnic 
A study was begun to  determine a means  of charging the 

The cryogenic c i rcui t ry  i s  being redesigned to provide multiple load- 
l eve l  switching of hea te r s  to satisfy normal  or  emergency conditions without 
excess ive  t ransients .  

Two para l le l  fuel  cell  installation designs a r e  i n  p rogres s  for hardline 
an& m=;ct ! ~ c a t i ~ ~  t~ r e s n l ~ e  instal-lation difficulties in Bay IV of the service 
module. 
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The development tes t  plan for the electr ical  power subsystem (EPS) 

Design of the sequencer for  boilerplate 14 and all spacecraft  i 
cent complete. This sequencer design uses  solid- state logic and J otor - 

radiator has  been completed. 

driven switches. 

50 pe r -  

To s ize  the capacity of the EPS, an  electr ical  load analysis  was pro-  
grammed on the IBM 7090, using data available as of 15  January 1963. 
for total a - c  and d-c load profile (maximum, minimum, and average  load) 
and energy consumed during each flight phase were  computed. 

Data 

Space Ordnance Systems and Hi-Shear have been selected a s  hot-wire 
initiator suppliers. 
have been completed, and a delivery schedule compatible with end-item 
requirements  has  been established. 

Contract negotiations with Westinghouse for the inverter  

Displays and Controls 

S&ID i s  still awaiting NASA approval of the in-flight t e s t  system (IFTS) 
requirements  and procurement specifications. 
for an  IFTS workshop a t  which the IFTS concept will be reviewed with NASA. 

Prepara t ions  a r e  under way 

A new configuration for the rotational hand controller has  been com- 
pleted. 
installation and the lower equipment bay installation. 

This new design meets  the volumetric requirements  of both the seat  

Design concepts of a standard electronic system package have been 
completed. 
integrity of this  vertical, coldplate configuration for installation of the 
electronic systems in  the lower equipment bay. 

Fabrication of t e s t  models i s  under way to verify the s t ruc tura l  

Design and coordination of the display and control consoles have 
produced standardized components. 
common and mounted configurations for all front panel hardware.  
cations for all display and control components, a s  well  a s  those i t ems  which 
will be purchased a s  subassemblies,  have been s tar ted.  

This standardization consis ts  of 
Specifi-  

Service Propulsion Sub system 

Service Propulsion Engine 

The second phase of the subscale t e s t  p rogram at AEDC was completed 
A stiffened titanium nozzle by 15 firings of five different engine assembl ies .  

extension buckled af ter  1 5  seconds operation. 
318 seconds operation because of lamination separat ion downstream of the 

An Avco chamber fa i led a f t e r  

- 14- -L 
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f i red for 1 2 0  seconds. The columbium cracked at the columbium-to- 
columbium weld joint, and the nozzle separated during the subsequent start 
sequence pr ior  to firing. 

A nozzle extension made of uncoated columbium and titanium was 

Metallurgical analysis  of the nozzle is  in  progress .  

The first full-scale fir ing at Sacramento and seven subscale f i r ings at 
Azusa were  accomplished to determine the charac te r i s t ic  velocity. 
seven firings were  made in  the injector development program. 

Forty-  

Service Propulsion Propellant System 

The propellant distribution system lines have been rerouted to  re locate  
the deep space instrumentation antenna. The tank-to-tank fuel t ransfer  l ine 
was increased  f rom 2 to 2 - 1 / 2  inches in  diameter to balance oxidizer-fuel 
p r e s s u r e  differentials in the respective standpipes. 
engine interface locations have been resolved. 

Propellant system- 

All four propellant tanks have been mounted on the F - 3  t e s t  fixture, 
The F - 3  pressur iza t ion  system and mock-up plumbing i s  being installed. 

equipment package was tes ted and was found acceptable. 

Reaction Control Subsystem (RCS) 

Reaction Control Engines 
a 

Two- coil propellant valves a r e  being incorporated on the command 
module and serv ice  module RCS engines. The command module RCS engines 
will be  redesigned to incorporate a 10: 1 nozzle expansion ratio.  Heat t r ans -  
f e r  and char depth studies a r e  being conducted by Rocketdyne to establish the 
engine envelope in  the expansion nozzle a rea .  

T e s t  f ir ings of service module RCS engines at Marquardt indicate that 
specific impulse i s  approximately 1 percent  too low during steady-state 
operation. Improvement of specific impulse i s  being investigated. 

Vibration and humidity tes t s  were  conducted on prototype three-coi l  
valve engines. 
achieved on a n  engine with a two-coil valve. 

A minimum impulse bit of 0 .15  pounds per  second was 

Reaction Control Propellant Systems 

The command module and service module helium tanks have been 
changed to  ref lect  identical configurations, simplifying production factors .  
The propellant tanks of both modules will be of equal diameter  with varied 
lengths,  s o  that the required propellant quantities will be accommodated. 
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All s ix  engines of the command module RCS breadboard t e s t  stand and 
the four engines of the service module breadboard RCS were  operated 
successfully. 

Launch Escape Subsystem 

Launch Escape Motox 

Two launch escape motors  were  static tested a t  140 F and a t  70 Fj 
af ter  temperature  cycling and under simulated altitude ignition conditions. 
The t e s t s  were  unsuccessful; however, they were  conducted with an  igniter 
developed to serve as  inter im hardware until design is complete for a n  
igniter that  will bring thrust  r i s e  t ime  within specification l imits.  

Tower Jet t ison Motor 

One tower jettison motor was static-fired successfully at 70 F af te r  
having been temperature  cycled. 
simulated altitude t e  sting. 

Two motors  were  shipped to AEDC for 

Pitch Control Motor 

The fir s t  low-impulse pitch control motor (1 550 pounds per  second, 
total  impulse) , intended for  boilerplate 6 ,  was cast .  

INTEGRATION 

Systems Integration 

Preparat ion of engineering t e s t  requirements  documentation for each 
spacecraft  is continuing. Pre l iminary  documents for boilerplates 9, 12, 16, 
and 18 have been released. Documents for boilerplates 14 and 1 5  and space- 
craf t  008 and 009 a r e  being released. 

Prel iminary l i s t s  of the sequenced operations necessary  to check out 
each of the spacecraft systems were  prepared  and published. These  l i s t s ,  
together with their accompanying l i s t  of precheckout requi rements  and basic  
system descriptions,  will be used in the design of the prelaunch automatic 
checkout equipment (PACE) and the preparat ion of integrated sys tems check- 
out do cum ent s. 

S&ID briefed members  of the mechanical sys tem panel on the r e su l t s  of 
the transposit ion and docking and c rew t r a n s f e r  study. 
cur red  in the S & I D  recommendation to use  the free-f lyaround technique to 
accomplish transposition and docking. 
c r i t e r i a  for  docking mechanism developed f r o m  simulation act ivi t ies  at 

Panel  m e m b e r s  con- 

S&ID a l so  presented the design 

N U  - Columbus . 
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The meeting a l so  produced tentative agreement  between NASA, S&ID, 
and Grumman to adopt NASA-drafted ground ru l e s  and c r i t e r i a  for u se  in the 
design of docking mechanisms. In an effort to achieve lower design weights, 
S&ID and Grumman will develop predesign docking sys tems for presentation 
at the March mechanical sys tems meeting. 

Interface coordination documents defining interfaces  between the Saturn 
booster and boilerplate 9 (dynamic tes t )  and between the booster and boi ler-  
plate 13  were  submitted to  the third meeting of the Saturn/Apollo mechanical 
integration panel. The panel agreed to  adopt these as the official interface 
documents on a n  interim bas is  until NASA implements some other system. 

The lunar excursion module interface and performance specification i s  
being prepared  for re lease.  This specification defines the physical, func- 
ti o nal , e nvi r o nm en ta 1 and p e r for man c e, s uppo r t , and ope r a ting i nt e r fa c e s , 
as well  a s  the contractor responsibility breakdown between the lunar excur-  
sion module and the other spacecraft modules. 
requirements  a r e  differentiated from the design requirements.  

The non-design - interface 

Ground Support Equipment 

A GSE checkout t r a i l e r  has  been fabricated to  replace the t ransfer  
room at WSMR. 
the schedule for boilerplate 6. 
GSE for this  changed installation has been completed. 

The t ransfer  room could not be  completed in t ime to  meet  
Documentation defining modification of the 

a 

The facility requirements  for the prelaunch automatic checkout equip- 
ment-spacecraf t  control room equipment were  determined to be 180 square 
feet  of floor space, 13. 3 kilowatts of power, and 4 tons of cooling. The 
requi rements  a r e  the same for control rooms at Downey and a t  AMR. 

A detailed design review of subcontracted GSE i tems established dates  
when equipment design would be ready for NASA review. P resen t  costs ,  
schedules,  drawings, and technical details  were  discussed in  the review. 

Meetings were  held at MSC and AMR to define the communications and 
S&ID received l i s t s  of equipment present ly  on data  bench maintenance GSE. 

hand o r  scheduled to be on hand at AMR with a suggestion that this equipment 
be  integrated into the Apollo bench maintenance GSE. 

Review of the subcontracted rocket engine GSE will be completed. 

Technical  Operations 

Authorization has  been received to provide a GSE checkout van. This  
change, by elimination of the underground t ransfer  room at the launch com- 

e 
- 1 7  - 

SID 62- 300-  10 



N O R T H  A M E R I C A N  A V I A T I O N ,  I N C .  SPACE and INFORMATION S Y S T E M S  DI\;ISION 

Direction h a s  been received to implement a backup solid parachute 
I development program with a company other than Northrop-Ventura to run  

concurrently with the cur ren t  r ingsai l  chute program. Tes t s  of the r ingsai l  
canopy indicate unsatisfactory cluster operation. 
program i s  necessary to determine the most  desirable  configuration for the 
ear th  landing subsystem. 

A para l le l  development 

plex and by use  of an  additional van to house the GSE equipment affected, 
facil i tates the launch schedule for boilerplate 6. 

Authorization a l so  has  been received for the design of a command 
module RCS engine expansion rat io  of 1O:l. 
to gain weight savings of approximately 33  pounds. 

S&ID recommended this  change 

Convair has been granted responsibility for the umbilical cable and 
J-box on the Little Joe  I1 launch tower a t  WSMR. 
major  technical and interface control problems. 

This  change will eliminate 

S&ID has  been authorized to modify and adjust  NASA-furnished R & D 
A clarification i s  being requested from NASA to obtain a n  instrumentation. 

adequate description of what the S&ID intended scope of effort should be. 

LOR Mission Reliabilitv Apportionment 

Objectives for probability of mission success  during a lunar orbi ta l  
rendezvous (LOR) flight plan have been apportioned to the spacecraft  and all 
re la ted subsystems. 
mathematical  model and a r e  predicated upon a 95 percent  reliable booster,  
a 98. 4 percent  reliable lunar excursion module (both assigned by NASA), 
redundancy, alternate modes of operation, and the on-board spa res  defined 
to date. 

The apportionments were  derived f rom the Monte Car lo  

To achieve the over-al l  mission objective, the apportionment for  the 
command module, service module, and adapter had to  be increased  from the 
previous value of 0. 96 for the d i rec t  lunar landing miss ion  to 0. 965 for  the 
cur ren t  mission. 

Apportioned subsystems r eliabilities a l so  were  significantly increased.  

The apportioned reliability of the combined electro-mechanical  sys tems 
(0. 994845) can be achieved within cur rent  weight l imitations.  
sys tems requi re  approximately five additional c r i t i ca l  s p a r e s  (approximately 
40 pounds of black boxes) to achieve the allocated reliabil i ty of 0. 97. 
Reasonable application of Minuteman pa r t s  in the guidance system could 
increase  i t s  reliability f rom the 0. 988901 f igure to 0. 996381, and at the same  
same time eliminate the need for a spa re  coupling display unit ( 6  pounds). 

Electronic  
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Complete details of the S&ID apportionment study to the black box level 
a r e  included in the Fourth Quarterly Reliability Status Report. 

Reliabil i ty-Crew Safety Design Review 

The second Apollo review was  held concerning the ear th  landing 
sub s y s tem . 

- 19 - 
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OPE RAT IONS 

DOWNEY 

A formal  program and facility presentation on the proposed Downey 
space chamber was given to NASA by Apollo t e s t  and operations, facilities, 
and program management personnel. 
were  made in favor of the chamber.  
p rogram needs.  
be the only type of Apollo environmental chamber constructed at the Downey 
f ac  ili ty . 

At this meeting no f i rm decisions 
A second meeting was held to clarify 

A decision was made a t  this meeting that the bel l - jar  will 

During a meeting held a t  Houston, f i rm  decisions were  made on a 
number of i t ems  of GSE and BME support requirements  for spacecraf t  008. 
A majori ty  of the i t ems  were  deferred pending further program definition. 

The detailed t e s t  plan of environmental proof t e s t s  was revised and 
updated for  inclusion in Volume V of the General Tes t  Plan.  
changes included a m o r e  comprehensive and real is t ic  number of instrumen- 
tation measurements .  

Significant 

The house spacecraft  portion of the General T e s t  P lan  has  been 
rev ised  and will contain the following information: a detailed t e s t  plan for  
GSE, a list of GSE fo r  boilerplate 14, a tes t  logic cha r t  for each boilerplate 
sys tem,  a description of each test  logic chart ,  the boilerplate 14  definition 
documents,  and schedule changes. 

The house spacecraf t  tes t  plan also outlines GSE usage f rom delivery 
through installation, item-by-item facility compatibility checkout, sys tem/  
GSE integration checkout, combined sys tems tes t  unit (CSTU) development, 
prelaunch automatic checkout equipment (PACE) integration, and GSE as a 
complete and integrated system. 
the schedules for  the house spacecraft  GSE effort. 

The plan defines the t e s t s  and portrays 

In accordance with the NASA request,  a general  instrumentation flow 
and control plan f o r  the NASA-furnished r e sea rch  and development instru-  
mentation equipment was forwarded to NASA. This was only a proposed 
plan incorporating procedures  and methods that will closely reflect  the final 
r e l eased  policies and procedures.  
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The three Chrysler  consoles have been checked out and integral  
equipment calibrated. 
been checked out with the exception of the flight recorder ,  which has  been 
returned to Houston for  flight qualification. 
to Downey af ter  flight qualification by NASA. 

The boilerplate 6 instrumentation breadboard has  

The r eco rde r  will be returned 

Additional effort w i l l  be expended to finalize a data measurement  list, 
along with data  acquisition equipment requirements  for  spacecraf t  008.  
Effort a lso will be expended to finalize GSE, BME requirements ,  and 
environmental test facilities. 

The checkout procedures  for boilerplate 6 will be completed and 
validated. 
13. 

Checkout procedures  have been initiated for  boilerplates 1 2  and 

Fur the r  study will be devoted to t e s t  facil i t ies a t  Downey, the PACE 
concept and i t s  application, detailed t e s t  planning for GSE facility checkout 
in the t e s t  a r e a s ,  and facility requirements  for checkout of the F - 2  propul- 
sion fixture. 

The feasibility of a wide-band data  link between the propulsion 
development facility at Las  Cruces and the Downey Apollo data  station i s  
being investigated. 
ser ia l ized d-c  binary data  on a synchronous bas is  at 40 .8K bits pe r  second. 
The station equipment necessary  to interface with the Bel l  equipment i s  
being studied. 

Bell Systems is  developing a data se t  that will accept  

WHITE SANDS MISSILE RANGE OPERATIONS 

The concept of using a combined instrumentat ion and GSE t r a i l e r  
( t ransfer  t r a i l e r )  has  been dropped i n  favor of using individual t r a i l e r s .  
NASA i s  supplying the instrumentation t r a i l e r ,  and S&ID has  purchased the 
GSE t r a i l e r .  

The major  problems remaining unsolved i n  meeting the schedule on 
boilerplate 6 a r e  the delivery of the launch escape  tower and the procure-  
ment of explosive bolts. 
deletion of the transfer room f r o m  the WSMR faci l i t ies  design can be solved 
with the approval of additional manhour s; a contract  change authorizatron 
(CCA) has  been submitted to obtain the additional manhours .  

An additional problem occurr ing  because of the 

F o r m a l  direction concerning the manned, inated safety provisions fo r  
spacecraf t  001  was  received f rom NASA. 
was re leased  fo r  design of a method to hold the command module in  place- 
o r  remove by crane in an emergency. 
completed by the end of February .  

A m a s t e r  change r eco rd  (MCR) 

The design proposal  i s  to be  
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On-site distances were  determined by meetings and a n  inspection of 
the propulsion tes t  facility. 
NASA has  stated informally that the dis tances  a r e  satisfactory and that 
official approval documentation i s  forthcoming. 

A request for approval was submitted to NASA. 

The GSE requirements  list f o r  spacecraf t  001 has  been completed. In 
addition, the GSE operational concept repor t  for  the F-2 fixture and space- 
c raf t  001 has  been completed and w i l l  be  published during the next r epor t  
period. 

The data acquisition system specification and job order  were  completed 
and submitted to NASA for approval. A T 0  i s  following up with a briefing 
f o r  NASA-WSMR, and a meeting to d iscuss  the data acquisition system i s  
scheduled. 

During the next repor t  period, effort will be directed toward complet- 
ing requirements  for the GSE operational concept report ,  continuing detailed 
scheduling of the t e s t  plan requirements,  completing the facility back-up 
plan for  support of Apollo service propulsion testing, continuing follow-up on 
data  acquisition approval and implementation, preparing operational t e s t  
p rocedures  for the te lemetry t ra i le r ,  planning the buildup of the te lemetry 
t r a i l e r ,  preparing the detailed test plan for boilerplate 22, and revising the 
detailed tes t  plan for boilerplate 12. 

ATLANTIC MISSILE RANGE OPERATIONS 

I The f i r s t  revision of the program requirements  document has  been 
completed. This revision, reflecting those range requirernents needed for 
the support  of the Saturn 1 unmanned t e s t  vehicles, has  been t ransmit ted to 
NASA. 

A joint study by A T 0  and Apollo engineering to investigate the require-  
men t s  and the use  for  a separate  end-to-end phasing tes t  f ixture f o r  a mated 
command- serv ice  module configuration and a cleaning positioner for the 
command module only has  been completed. The resu l t s  of this study will be 
presented  to NASA at the GSE coordination meeting. 

The PERT networks for spacecraft 009 and 0 11 will be modified to 
r e f l ec t  cu r ren t  t e s t  planning and checkout operations, Approval of these 
networks will be obtained during the next period. 

Equipment layouts will be  prepared for each of the Mer r i t t  Island 
fac i l i t i es  . 
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LOGISTICS SUPPORT 

Training 

Contract negotiations concerning training and t r a ine r s  were  conducted 
a t  MSC during late January.  Requirements fo r  par t - task  t r a ine r s ,  miss ion  
s imulators ,  and course- supporting instructor  handbooks were  established. 
P r o g r e s s  on production of instructor  handbooks will be delayed pending 
S&ID/NASA agreement on the detailed contents and format .  
reached during these negotiations caused revision of the Training Plan, 
dated 1 February  1963. 
r e i s sue  of the plan. 

Agreements  

These revisions will be reflected i n  the 1 March 

Supply Support 

A method of spa res  and GSE provisioning was established a s  a resu l t  of 
the NASA/S&ID contract negotiations a t  MSC. 

A si te  support l is t  for WSMR will  be submitted to NASA about 1 March  
1963. 

The recommended spares  l i s t  for  support of the R & D  instrumentation 
checkout console wi l l  be sent t o  NASA-MSC for  approval. 

Logistic Engineering 

Information developed f rom life sys t ems  studies on in-flight mainten- 
ance and reliability engineering studies on the probability of fa i lure  makes 
i t  necessary  to rewrite the reliability section of the in-flight maintenance 
concept. 

The February GSE planning and requirements  document wi l l  re f lec t  
an extensive revision. 
revisions and the cur ren t  NASA decision on quantities and models of GSE. 

This was brought about by program schedule 

A compatibility study of GSE for support  of boi lerplates  and spacecraf t  
is i n  p rocess .  
support succeeding and more  sophisticated t e s t  vehicles,  boi lerplates ,  and 
spacecraf t .  

This study will identify those i t e m s  of GSE to be modified to 

SupDort Manuals 

A positive requirement to provide support  manuals to support  qualifica- 
tion tes t s  of boilerplate sys tems was received during the r epor t  period, 
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initiating preparation of the following manuals for  boilerplate 6 by 
15 March 1963: 

Spacecraft Des c ription 

Launch Escape Subsystem Maintenance 

Ear th  Landing Subsystem Maintenance 

GSE Maintenance Manuals F o r  Select Major End Items 

The transportation and handling manual is in  final production and will 
be sen t  to NASA during the next report  period. 
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FACILITIES 

DOWNEY 

Management and Engineering Areas  

Construction work has  begun on offices for  Apollo Management and will  
be completed during the next report  period. 

Sub c ont r ac  to r C oo r dinat ion 

The revised facilities appendix for Avco was submitted to  NASA. 
Joint NAA, NASA, and Avco meetings were  held to resolve NASA questions 
on the remaining Avco i t ems .  
Collins Radio and Minneapolis -Honeywell. Of the inter im supply contract  
funds allocated by NASA for  subcontractor facil i t ies,  $1, 617, 685 has  been 
committed.  

Additional funding was approved by NASA for  

Rehabilitation of the parachute packing facility at E l  Centro,  California,  
was completed. 
completed during the next report  period. 

All remaining rehabilitation work a t  this location will be 

P lan t  Layout, Area  Planning and Administration 

Area  plans have been resolved that will implement the recent  manage- 
ment  decision to remove a l l  Apollo mock-up work to the r e sea rch  and develop- 
ment  shop, 

A new, single-point expediting system for  handling urgent Apollo job 
o r d e r s  was instituted. 

T e s t  Systems and Manufacturing Support 

The necessary  modifications to the t e s t  tower have been completed 
f o r  total  stacking of boilerplate 9 .  

Bids on the 18-foot diameter vacuum chamber were  received, and 
evaluation of these bids is i n  process .  

A screening appendix (Volume N) review meeting was held with NASA. 
Al l  i t e m s  except two w e r e  t c i i t a t i ve l y  approved. 
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The special autoclave will be delivered to S&ID and the standard 
autoclave will be  relocated to the Bonding Building during the next repor t  
period. 

Faci l i t ies  Proiects  

Steel  erection and general  construction of the bonding and t e s t  facil i ty 
i s  progressing on schedule. 

All major construction work on  the impact t e s t  facility i s  complete.  
A preliminary inspection by representat ives  of NASA, a rch i tec tura l  and 
engineering, and S&ID has  been held. 
inspected, 

The facility will be totally completed, 
and ready for operation during the next r epor t  period. 

Phase  I design submittals for  the space sys tem development facil i ty 
have been received from archi tectural  and engineering. 
proceeding. 

Phase  I1 design i s  

All inter ior  work has  been completed on the p las te r  m a s t e r  facil i ty.  
Exter ior  work will be completed within the next repor t  period. 

WHITE SANDS MISSILE RANGE 

The third water  t e s t  well at the propulsion sys tem development 
facil i ty has  been dr i l led and tested.  

The mas ter  planning study for  the propulsion system development 
facil i ty i s  70 percent complete; the soil  and foundation investigation i s  
80 percent complete. 

The revised specification and technical proposal  for  the data  acquisi-  
tion system for the propulsion system development facility is  expected to be 
approved during the next r epor t  period. 

a 
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